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Abstract
In the present work recently available experimental data up to high-spin states of
119−126Sn isotopes with different seniority (v), including v = 4, 5, 6, and 7 have been
interpreted with shell model, by performing full-fledged shell model calculations in
the 50-82 valence shell composed of 1g7/2, 2d5/2, 1h11/2, 3s1/2, and 2d3/2 orbitals.
The results have been compared with the available experimental data. These states
are described in terms of broken neutron pairs occupying the h11/2 orbital. Possi-
ble configurations of seniority isomers in these nuclei are discussed. The breaking
of three neutron pairs have been responsible for generating high-spin states. The
isomeric states 5−, 7−, 10+ and 15− of even Sn isotopes, and isomeric states 19/2+,
23/2+, 27/2− and 35/2+ of odd Sn isotopes, are described in terms of different
seniority. For even-Sn isotopes, the isomeric states 5−, 7−, and 10+ are due to se-
niority v = 2; the isomeric state 15− is due to seniority v = 4, and in the case of
odd-Sn isotopes, the isomeric states 19/2+, 23/2+, and 27/2− are due to seniority
v = 3, and the isomeric state 35/2+ in 123Sn is due to seniority v = 5.
Key words: high-spin structures, seniority states
PACS: 21.60.Cs
1 Introduction
The Sn region is one of the important regions, where many experimental and
theoretical studies, such as identification of different isomeric states in Sn
isotopes [1,2,3], Gamow-Teller decay of the doubly magic nucleus 100Sn [4],
measurement of electromagnetic properties of different excited states [5], up-
coming measurements for definite spin assignments [6], population of high-spin
states [1], theoretical calculations of nuclear g factors [7] and ab initio study
of lighter Sn isotopes [8] are going on. Recent studies report lowering of the
νg7/2 orbital in comparison to the νd5/2 for the
101Sn [9]. It is possible with
direct spin assignments, together with magnetic moment measurements, to
probe the wave function of the ground states of the 101−107Sn isotopes. This
may help accurately determine the ordering of the νd5/2 − νg7/2 orbitals.
The number of particles which are not in pairs coupled to angular momentum
J = 0 is known as seniority (v) [10]. There are several text book examples
where g9/2, h11/2 and i13/2 orbitals are responsible for generating high-spin
seniority states. The g9/2 orbital is responsible for 10
+ and 12+ states in the
case of 94Ru and 96Pd with configuration pig4
9/2. The νg
4
9/2 configuration is
responsible for 8+ state of seniority v = 2 in 72Ni and 74Ni. The high-spin
seniority states are due to h11/2 orbital in the Sn region. The role of i13/2
orbital in 82-126 major shell region is crucial for the seniority v = 4 states.
In the case of even 202,202,204Pb isotopes the seniority v = 4 states are 16+
[νi2
13/2νf
2
5/2] and 17
−, 19− [νi3
13/2νf
1
5/2].
In the Sn region, the appearance of isomeric states in N = 82 isotones and
Z = 50 isotopes are very common, in even isotopes the 10+, and in odd
isotopes 27/2−. The role of the h11/2 orbital is crucial for the investigation of
these isomers within shell model. There are three different experimental groups
which are involved to identify seniority isomers in the Sn isotopes. Fotiades [11]
group at LBNL, Astier [1] group at Legnaro and IRes-Strasbourg and Iskra
group [2,3] at Argonne have done different experiments to populate isomeric
states in odd and even Sn isotopes using fusion-fission reactions. The high-
spin structure above the 10+ isomers in 118,120,122,124Sn reported by Fotiades
et al in Ref. [11]. More complete level schemes in odd and even Sn isotopes
with A = 119-126 are populated in 12C + 238U and 18O + 208Pb fusion-fission
reactions reported by Astier el al [1]. The aim of this experiment was to built
high-spin states above the long-lived isomeric states lying around 4.5 MeV.
The excited states above the v = 2 isomers have been populated in even
118−128Sn isotopes in the fusion-fission reaction [2], while excited states with
seniority v = 3, 5 and 7 have been investigated in odd 119−125Sn isotopes [2]. In
these experiments [1,2,3] for even 120,122,124,126Sn isotopes the isomeric states
are 10+, 5−, 7− and 15−, while for odd 119,121,123,125Sn isotopes they are 27/2−,
19/2+, and 23/2+. We have shown these isomeric states in the Figs.1 and 2,
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Fig. 1. Different isomeric states [1,2,3] for 120,122,124,126Sn isotopes.
✶✶✾
❙♥
✶✷✶
❙♥
✶✷✸
❙♥
✶✷✺
❙♥
 ❡✁✐♦r✐t②
✂✄❂☎
✰
☎
✿
✂☎
✼
✄
✿✻✖s
☎✆❂☎
✰
✄
✻✝s
☎
✿
✆
✻
✄
☎
✼
❂☎
✞
✆✄
✝s
✆
✿
✂
✵
✂
✂
✿
✄✄
✽
✟✿
✆
✖s
☎
✿
☎☎✂
✵✿✟
☎
✖s
☎
✿✽
✆✆
✂
✻✼✝s
✂
✿
✄
✹✟
✼✿✹✖s
☎
✿
✂
✟
✆
✻✖s
☎
✿✼
✂✂
✆
✹✖s
✆
✟
❂☎
✰
✹✿
✆
✼
✄
✹✝s
✂
✿✽
✄✆
✻✿
☎
✖s
☎
✿✵✻✵
✵✿✻✟✖s
☎
✿✻
☎
✹
✵✿
☎✆
✖s
✈ ✠ ✡
✈ ✠ ✡
✈ ✠ ✡
✈ ✠ ☛
❖❞❞✲☞✌ ✍✎✏✑✏♣✒✎
Fig. 2. Different isomeric states for 119,121,123,125Sn isotopes [1,2,3].
for even and odd Sn isotopes, respectively. In these figures we have also shown
seniority of these different isomeric states. One of the important application of
nuclear shell model is to identify the states involving many identical nucleons
in the same orbit, thus it is possible to identify the high-spin states in the Sn
isotopes with (νh11/2)
n configuration. The aim of this work is to study several
newly populated high-spin states [1,2,3] and assign possible configurations of
seniority isomers in these nuclei within the framework of shell model.
This work is organized as follows: comprehensive comparison of shell-model
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results and experimental data is given in Section 2. Configuration of different
isomeric states are shown in Section 3. In Section 4 comparison of the calcu-
lated transition probabilities for isomeric states are given. Finally, concluding
remarks are drawn in Section 5.
2 Shell model Hamiltonian and model space
The shell-model calculations for the Sn isotopes have been performed in the
50-82 valence shell composed of 1g7/2, 2d5/2, 1h11/2, 3s1/2 and 2d3/2 orbitals.
We have performed calculations with SN100PN interaction due to Brown et
al [12,13]. This interaction has four parts: neutron-neutron, neutron-proton,
proton-proton and Coulomb repulsion between the protons. The single-particle
energies for the neutrons are -10.609, -10.289, -8.717, -8.694, and -8.816 MeV
for the 1g7/2, 2d5/2, 2d3/2, 3s1/2, and 1h11/2 orbitals, respectively. The results
shown in this work were obtained with the code Antoine [14]. In this region,
we have previously reported shell model results for the structural proper-
ties of some nuclei [15,16,17,18,19,20,21,22] using SN100PN interaction. Many
theoretical and experimental works have recently been reported in the litera-
ture [21-24].
2.1 Analysis of spectra of even isotopes of Sn
Since 100Sn core is used in this work, neutron excitations are important among
the 1g7/2, 2d5/2, 2d3/2, 3s1/2 and 1h11/2 orbitals for the
119−126Sn isotopes. The
valence neutrons contribute in the structure of these nuclei because of the Z
= 50 shell closure. In this section we perform shell model calculations for the
even-even isotopes in the 50-82 shell, in order to describe the positive and neg-
ative parity levels of these nuclei. The even-even isotopes of Sn are discussed
first. The odd isotopes 119,121,123,125Sn have been studied within shell model in
Ref. [2]. We sketch the results for the odd isotopes for the completeness and
comparison in subsection 2.2, including some more recently measured states.
2.1.1 120Sn:
Comparison of the calculated spectrum of 120Sn with the experimental data is
shown in figure 3. The calculated 2+ and 4+ levels are 67 keV lower and only
10 keV higher, respectively than those in the experiment. Then, there are gaps
both in the experiment and calculation (490 keV and 400 keV, respectively)
between the 4+ and 6+ levels, calculated one being less. In the calculation, 6+,
8+ and 10+ triple of the levels is slightly lower and more compressed than the
4
120Sn
EXPT Calc. EXPT Calc.
0+
2+ 1.171
4+ 2.194
6+ 2.684
8+ 2.836
10+ 2.902
12+ 4.092
14+ 5.219
16+ 5.673
(18+) 6.312
(18+) 6.798
 0+  0.000
 2+  1.104
 4+  2.204
 6+  2.604
 8+  2.691
 10+  2.758
 12+  3.751
 14+  4.825
 16+  5.413
 18+  6.481
 18+  6.670
 5-  2.284
 7-  2.482
 6-  2.750
 9-  3.735
 11-  4.396
 13-  4.649
 15-  4.890
 (17- )  6.241
 5-  2.402
 7-  2.577
 6-  2.688
 9-  3.198
 11-  4.177
 13-  4.652
 15-  4.948
 17-  5.636
Fig. 3. Comparison of experimental [1,2] and calculated excitation spectra using
SN100PN interaction for 120Sn.
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experimental one: the differences between the experimental 6+ and 8+, and 8+
and 10+ are 152 keV and 66 keV, respectively, while the calculated values are
87 keV and 67 keV, respectively. All other calculated levels, except 18+, which
is higher than in the experiment, are lower than those in the experiment. The
experimental differences between the pair of levels 10+ and 12+, 12+ and 14+,
14+ and 16+, 16+ and 18+1 , 18
+
2 and 18
+
2 are 1190 keV, 1127 keV, 454 keV, 639
keV and 486 keV, while corresponding calculated differences are 993 keV, 1054
keV, 588 keV, 1068 keV and 189 keV, i.e. trend in the differences are similar
to the experimental one, except the 18+1 , which is large in the calculation. We
will see in the next subsections the agreement of the calculated differences
with those of the experimental ones gradually improve as we move towards
the heavier isotopes.
For the negative parity levels, the 5− and 7− levels are 118 keV and 95 keV
higher, respectively, as compared to those of the experimental ones. The cal-
culated 9− level is 537 keV lower than in the experiment. In the experiment
11−, 13− and 15− levels are almost equidistant, i.e. 253 keV, 241 keV far from
each other. The values of the calculated 13− and 15− levels are very close
to the experimental ones being 3 keV and 58 keV larger, respectively, while
the level 11/2− is 219 keV lower than in the experiment, because of this, the
calculated triple of levels 11−, 13− and 15− are not almost equidistant like in
the experiment. The 17− level is 605 keV lower than in the experiment.
2.1.2 122Sn:
Comparison of the calculated values with the experimental data is shown
in figure 4. Comparing figures 3 and 4 one can see that the positive parity
spectrum of the 122Sn is very similar to that of 120Sn. As is visually seen,
for all respective positive and negative parity levels the agreement between
the calculated and experimental values are improved as compared to that of
120Sn. This can be seen especially in the differences of the energy levels of two
neighboring levels.
The 2+ level is predicted 46 keV lower and 4+ level is only 26 keV higher than
the experimental values, i.e. the values of the both energy levels are decreased
with respect to the ground state as compared to those of 120Sn. The values
of the respective experimental and calculated energy gaps between 4+ and 6+
are 412 keV and 345 keV and in better agreement than in case of 120Sn. The
6+, 8+ and 10+ triplet of the levels in the calculation is still slightly lower and
more compressed than in the experiment: the differences in the values of the
experimental 6+ and 8+, and 8+ and 10+ levels are 136 and 76 keV, respec-
tively, while the calculated values are 85 and 63 keV, respectively. All other
calculated levels, including 18+, which was higher than in the experiment for
120Sn, are lower than those in the experiment. The experimental differences
6
122Sn
EXPT Calc. EXPT Calc.
0+
2+ 1.140
4+ 2.142
6+ 2.554
8+ 2.690
10+ 2.766
12+ 3.869
14+ 4.899
16+ 5.387
(18+) 6.223
 0+  0.000
 2+  1.094
 4+  2.168
 6+  2.513
 8+  2.598
 10+  2.661
 12+  3.617
 14+  4.659
 16+  5.200
 18+  6.176
 5-  2.246
 7-  2.409
 6-  2.653
 9-  3.534
 (9-)  3.846
 11-  4.214
 (11-)  4.409 13
-
 4.478
 15-  4.720
 14-  4.942
 (16-)  5.848
 (17-)  5.954
 (19-)  6651 
 5-  2.331
 7-  2.482
 6-  2.569
 9-  3.235
 9-  3.550
 11-  4.178
 11-  4.348
 13-  4.503
 15-  4.761
 14-  4.810
 16-  5.520
 17-  5.523
 19-  6.522
Fig. 4. Comparison of experimental [1,2] and calculated excitation spectra for 122Sn
using SN100PN interaction.
7
between the pair of levels 10+ and 12+, 12+ and 14+, 14+ and 16+, 16+ and
18+ are 1103 keV, 1030 keV, 488 keV, 836 keV, while corresponding calcu-
lated differences are 956 keV, 1042 keV, 541 keV, 976 keV, i.e. trend in the
differences are similar to the experimental one including the last one, which
was large in the calculation for 120Sn. The calculated positive parity levels of
122Sn are better described by shell model calculation as compared to those of
120Sn.
For the negative parity levels, the 5− and 7− levels are 85 and 73 keV higher,
respectively, as compared to those of the experimental ones. For these two
levels the calculations are better than in 120Sn case. The calculated 9−1 and
9−2 levels are 299 keV and 296 keV lower than in the experimental ones. As
compared to 120Sn, in the experiment 11−1 , 13
−
1 and 15
−
1 levels are still almost
equidistant, which are 264 keV, 242 keV far from each other. The values of
the calculated 13− and 15− levels are very close to the experimental ones
being 25 keV and 41 keV larger, respectively, while the level 11−1 is 36 keV
lower than in the experiment. The experimental equidistant picture of triple
of these levels is much better described than for 120Sn, but here the 11−2 level
is measured in the experiment which is 61 keV higher than the experimental
one. The calculate 14− level is 132 keV lower than the experimental one. In
the calculation 16− and 17− states are almost degenerated, differing by only 3
keV, while in the experiment they are separated by 106 keV. These levels are
328 keV and 431 keV lower than in the experiment ones, respectively . The
19− calculated level is 129 keV lower than the experimental one.
Overall agreement of the calculated values of the levels with experimental data
is much better as compared to 120Sn discussed in subsection 2.1.1.
2.1.3 124Sn:
Comparison of the calculated values with the experimental data for the 124Sn
is shown in figure 5.
Comparing figures 3, 4 and 5 shows that the energies of the positive and nega-
tive parity levels of all the experimental levels with respect to the ground state
ones are decreased as compared to those of the even isotopes discussed in the
previous subsections 2.1.1 and 2.1.2. As compared to 122Sn, in the calculation
only the energy of 2+ level is increased to 3 keV and all other energies of the
levels are decreased with respect to ground state like in the experiment The 2+
and 4+ levels are only 35 keV and 15 keV lower, respectively, than the exper-
imental ones which shows better agreement as compared to that of 120,122Sn.
The values of the respective experimental and calculated energy gaps between
the 4+ and 6+ levels are 352 keV and 339 keV. They are also in better agree-
ment with the experiment than for 120,122Sn. The 6+, 8+ and 10+ triplet of the
8
124Sn
EXPT Calc. EXPT Calc.
0+
2+ 1.132
4+ 2.102
6+ 2.454
8+ 2.578
10+ 2.657
 (10+) 3.694
12+ 3.703
14+ 4.699
16+ 5.189
(18+) 5.952
 6.976
 0+  0.000
 2+  1.097
 4+  2.087
 6+  2.426
 8+  2.515
 10+  2.567
 12+  3.510
 10+  3.570
 14+  4.524
 16+  5.045
 18+  5.975
 20+  7.037
 5-  2.205
 7-  2.325
 9-  3.406
 (9-)  3.695
 11-  4.071
 13-  4.323
 15-  4.552
 14-  4.730
 (16-)  5.617 (17
-
 )  5.729
 (19- )  6.484
 5-  2.261
 7-  2.387
 6-  2.479
 9-  3.326
 9-  3.520
 11-  4.195
 13-  4.358
 14-  4.545
 15-  4.577
 16-  5.252
 17-  5.444
 19-  6.400
Fig. 5. Comparison of experimental [1,2] and calculated excitation spectra for 124Sn
using SN100PN interaction.
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levels in the calculation is still slightly lower and more compressed than in the
experiment: differences in the values of the experimental 6+ and 8+, and 8+
and 10+ levels are 124 and 79 keV, respectively, while the calculated values of
these differences are 89 and 52 keV, respectively. The experimental difference
between the 6+ and 8+ levels is decreased while, the difference between the
8+ and 10+ levels is increased as compared to that of 122Sn. Reverse trend is
seen in the differences of the calculated levels: the difference between the 6+
and 8+ level is increased, the difference between 8+ and 10+ is decreased as
compared to that of 122Sn.
All other calculated levels, excluding 18+ which is 22 keV higher than in the
experiment, are lower than those in the experiment. The 18+ level was higher
than in the experiment for 120Sn and slightly lower for 122Sn. The experimental
differences between the pair of levels 10+ and 12+, 12+ and 14+, 14+ and 16+,
16+ and 18+ are 1046 keV, 996 keV, 490 keV, 763 keV, while corresponding
calculated differences are 943 keV, 1014 keV, 521 keV, 930 keV, i.e. trend in
the differences is similar to the experimental one. Very close to the calculated
20+ level there is experimental level with 6976 keV energy which is 61 keV
lower than in the calculated one.
For the negative parity levels, the 5− and 7− levels are 56 and 62 keV higher,
respectively, as compared to those of the experimental ones. For these two
levels the calculations are clearly better than 120,122Sn cases. The 9−1 and 92
levels are 80 keV and 175 keV lower, and more compressed than in the ex-
periment. As compared to 120Sn, in the experiment, the 11−, 13− and 15−
levels are still almost equidistant, which are 252, 229 keV far from each other.
Now the energy values of the calculated 13− and 15− levels are very close
to the experimental ones being 35 keV and 25 keV larger, respectively, while
the calculated energy value of the 11− level is now 124 keV larger than the
experiment one (for the previous two nuclei they were less). The experimental
equidistant picture of triple of these levels is not better described than for
122Sn, because of the 11− shifted to larger value with respect to its experimen-
tal counterpart as compared to 122Sn. The 14− level is 178 keV higher and 32
keV lower than the 15− level in the experiment and calculation, respectively.
The difference between the experimental and calculated values of this level is
185 keV. The calculated 16− and 17− are not almost degenerated as in the
case of 122Sn. They are separated by 192 keV energy. The experimental values
of these two levels come close to each other, instead. The calculated 16− and
17− levels are 365 keV and 285 keV lower than in the experiment, respectively.
The calculated 19− level is only 84 keV lower than in the experiment.
Overall agreement of the calculated positive and negative parity levels are in
better agreement with the experimental data as compared to 120,122Sn dis-
cussed in subsections 2.1.1 and 2.1.2.
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2.1.4 126Sn:
Comparison of the calculated values with the experimental data for 126Sn is
shown in figure 6.
As is seen from figure 6 adding two more neutrons to 124Sn leads to the in-
creasing back both experimental and calculated energies of the 2+ state of
126Sn with respect to the ground state energy as compared to those of 124Sn.
Energies of all other positive and negative parity levels are decreased with
respect to the ground state energy as compared to those of 124Sn.
The shell model calculation predicts energies of the 2+ and 4+ levels only 17
keV and 38 keV lower, respectively, than the experimental ones. This shows
slightly better agreement as compared to that for 124Sn. The values of the gaps
between 4+ and 6+ are 324 and 333 keV in the experiment and calculation,
respectively. They are also in better agreement with the experiment than in
120,122,124Sn. The 6+, 8+ and 10+ triple of the levels in the calculation is still
slightly lower and more compressed than in the experiment: differences in the
values of the experimental 6+ and 8+, and 8+ and 10+ levels are 115 and 77
keV, respectively, while the calculated values are 132 keV and 30 keV, respec-
tively. As is seen from these differences the experimental triplet of the levels
is more compressed as compared to that of 122Sn. The difference in the calcu-
lated values of 6+ and 8+ levels is increased instead, which leads to the better
agreement of these levels. However, the difference in the calculated values of
8+ and 10+ is decreased too much as compared to the experimental one. All
other calculated levels, are lower than those in the experiment, however the
pattern looks like stable and very much like to the experimental one.
The experimental and calculated negative parity patterns are exactly the
same. The calculated values of the negative parity levels are in excellent agree-
ment with the experimental ones for this nucleus. Even for the state with the
highest measured 19− spin at 6257 the calculated level is slightly (21 keV)
higher than the experimental one.
In general description of the whole spectra of even Sn isotopes is gradually
improving as we move from A=120 to A=126.
2.2 Analysis of spectra of odd isotopes of Sn
For the odd isotopes of Sn unpaired neutron interchanges the position of the
positive and negative parity bands as compared to the even-even isotopes.
Calculation gives 11/2− as the ground state for the all odd isotopes of Sn con-
sidered here. For some isotopes, in the experiment, the 11/2− level is slightly
higher than the ground states of these nuclei.
11
126Sn
EXPT Calc. EXPT Calc.
0+
2+ 1.141
4+ 2.049
6+ 2.373
8+ 2.488
10+ 2.565
12+ 3.595
14+ 4.581
16+ 5.058
(18+) 5.835
 0+  0.000
 2+  1.124
 4+  2.011
 6+  2.344
 8+  2.446
 10+  2.476
 12+  3.395
 14+  4.282
 16+  4.814
 18+  5.620
 5-  2.162
 7-  2.219
 6-  2.478
 9-  3.283
 11-  3.925
 13-  4.165
 15-  4.346
 14-  4.560
 (17- )  5.495
 (19- )  6.257
 5-  2.185
 7-  2.259
 6-  2.424
 9-  3.458
 11-  4.062
 13-  4.152
 15-  4.338
 14-  4.460
 17-  5.431
 19-  6.278
Fig. 6. Comparison of experimental [1,2] and calculated excitation spectra for 126Sn
using SN100PN interaction.
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2.2.1 119Sn:
For the 119Sn in Fig.7 we have presented the calculation up to 35/2− and
39/2+. The calculation gives 11/2− as the ground state of 119Sn, while in the
experiment 11/2− is the excited state with 89 keV energy.
The calculated values of the 13/2−, 15/2−, 19/2−, 23/2−, 27/2− levels are 168
keV, 265 keV, 310 keV, 240 keV and 285 keV lower than their respective ex-
perimental counterparts, though the calculated pattern of the 119Sn spectrum
is very similar to the experimental one. The (29/2−) experimental level, being
291 keV higher than the calculated value. The calculated 31/2− level is 431
keV lower than experimental data. Then in the experiment there are following
sequence of levels: 31/2−2 , 31/2
−
3 , 31/2
−
4 , 33/2
− and 35/2−. In the calculation
31/2−4 is higher than the 33/2
− and the whole calculated sequence is lower
than in the experiment.
The calculated 19/2+1 and 23/2
+
1 levels are higher than experimental data,
while calculated, 21/2+1 , 27/2
+
1 , 31/2
+
1 , 35/2
+
1 and 39/2
+
1 levels are lower than
the experimental data.
2.2.2 121Sn:
The spectrum of 121Sn is given in Fig. 8. The calculation gives 11/2− as the
ground state of 121Sn, while in the experiment the energy of this level is 6 keV.
The calculated values of the 15/2−, 19/2−1 , 19/2
−
2 , 23/2
−, 27/2−, 31/2−1 lev-
els are 143 keV, 101 keV, 161 keV, 66 keV, 116 keV, 213 keV lower than
their experimental counterparts. The calculated 29/2− level is 203 keV higher
than that of the experiment. Only the calculated value of this level is larger,
otherwise the calculated pattern of the 121Sn spectrum is now similar to the
experimental one up to 31/2−1 level, while it was up to 27/2
− in the case of
119Sn. From these differences it is also seen that the agreement of the calcu-
lated values of the 121Sn energy levels is much better with the experiment than
in the case of 119Sn. After 31/2−1 the calculated pattern is not similar to that
of the experimental one. There are levels 19/2−2 at 2455 keV, 29/2
− at 3904
keV, (31/2−2 ) at 4290 keV, (37/2
−
1 ) at 5659 keV, (37/2
−
2 ) at 5908 keV, (39/2
−)
at 6222 keV after this level. The calculated 35/2−1 and 35/2
−
2 levels are very
close to each other with only 29 keV difference. Then the the sequences of
calculated levels 37/2−1 , 37/2
−
2 and 39/2
− are the same with the experimental
ones and they are 453 keV, 205 keV and 426 keV lower than the experimental
ones.
More experimental data are available for the positive parity levels of 121Sn as
compared to 119Sn. The calculated pattern is similar to the experimental one.
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119Sn
EXPT Calc. EXPT Calc.
11/2- 0.089
15/2- 1.309
13/2- 1.378
19/2- 2.415
23/2- 2.927
27/2- 3.101
(29/2-) 3.978
(31/2-) 4.280
(31/2-) 4.789
(31/2-) 4.816(31/2
-) 4.908
(33/2-) 5.110
(35/2-) 5.460
 11/2-  0.000
 15/2-  1.044
 13/2-  1.210
 19/2-  2.105
 23/2-  2.687
 27/2-  2.816
 31/2-  3.849 
 29/2-  4.269 
 31/2-  4.414
 31/2-  4.519
 31/2-  4.755
 33/2-  4.644
 35/2-  4.892
 19/2+  2.127
 23/2+  2.369
 21/2+  2.728
 (27/2+)  3.731
 (31/2+)  4.921
 (35/2+)  5.311
 (39/2+)  6.199
 19/2+  2.208
 23/2+  2.444
 21/2+  2.645
 27/2+  3.055
 31/2+  4.060
 35/2+  4.851
 39/2+  5.493
Fig. 7. Comparison of experimental [1,3] and calculated excitation spectra for 119Sn
using SN100PN interaction.
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121Sn
EXPT Calc. EXPT Calc.
 11/2-  0.006 
 15/2-  1.157 
 19/2-  2.187 
 19/2-  2.455 
 23/2-  2.657 
 27/2-  2.833 
 29/2-  3.904 
 (31/2- )  3.916 
 (31/2- )  4.290 
 (35/2- )  5.128 
 (37/2- )  5.659 
 (37/2- )  5.908 
 (39/2- )  6.222 
 11/2-  0.000 
 15/2-  1.014 
 19/2-  2.086 
 19/2-  2.294 
 23/2-  2.591 
 27/2-  2.717 
 29/2-  4.107 
 31/2-  3.703 
 31/2-  4.411 
 35/2-  4.841 
 35/2-  4.870 
 37/2-  5.206 
 37/2-  5.703 
 39/2-  5.796 
 19/2+  1.998 
 (23/2+)  2.221 
 21/2+  2.497 
 (27/2+)  3.459 
 (31/2+)  4.124 
 (35/2+)  4.501 
 33/2+  4.769 
 (39/2+)  5.611 
 (39/2+)  6.314 
 (43/2+)  7.363 
 19/2+  2.117 
 23/2+  2.338 
 21/2+  2.465 
 27/2+  3.049 
 31/2+  3.983 
 35/2+  4.594 
 33/2+  4.677 
 39/2+  5.352 
 39/2+  5.735 
 43/2+  6.435 
 43/2+  6.782 
 47/2+  7.740 
Fig. 8. Comparison of experimental [1,3] and calculated excitation spectra for 121Sn
using SN100PN interaction.
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The first two positive parity levels are 119 keV, 117 keV higher as compared
to the experimental ones. The calculated 21/2+ level is only 32 keV lower than
the experimental one.
Then 27/2+, 31/2+, 33/2+, 39/2+1 , 39/2
+
2 and 43/2
+
2 levels are 410 keV, 141
keV, 92 keV, 259 keV, 579 keV and 928 keV lower and the only calculated
35/2+ level 93 keV higher than the experimental one.
2.2.3 123Sn:
The spectrum of 123Sn is given in Fig. 9. Reaching to 123Sn isotope one can
see that both calculated and experimental ground state is 11/2−, while for
the 119,121Sn 11/2− experimental levels energy values were 89 keV and 6 keV,
respectively. Also, all respective positive and negative parity excited states
energies are lower both in the experiment and calculation with respect to
ground state as compared to 119,121Sn isotopes.
By careful comparison of the experimental and calculated patterns it can be
seen that the whole calculated negative parity spectrum is very similar to
the experimental one, while the similarity was up to 27/2− and 31/2− for
119,121Sn, respectively. The calculated values of 15/2−1 , 19/2
−
1 , 23/2
−, 27/2−,
31/2−1 levels are 111 keV, 252 keV, 44 keV, 98 keV, 206 keV lower than their
experimental counterparts, respectively, while calculated 13/2−, 19/2−2 , 31/2
−
2 ,
35/2−2 , 39/2
−
1 , 39/2
−
2 levels are 1 keV, 1 keV, 271 keV, 11 keV, 96 keV, 262
keV higher than the experimental ones. If one follows the pattern, 39/2−
spin can be assigned to the experimental level at 5520 keV almost definitely
according to the shell model prediction. From these differences it is also seen
that agreement of the calculated values of the energy levels of 123Sn are much
better than those of 119,121Sn.
More experimental data are available for the positive parity levels of 123Sn. The
calculated pattern is similar to experimental one still up to 39/2+. The 15/2+
and 19/2+ levels are almost degenerated in both experiment and calculation.
Experimental difference of these levels is 19 keV and corresponding calculated
difference is 11 keV. The 15/2+, 19/2+ and 23/2+ levels are 147 keV, 117 keV
and 101 keV higher as compared to respective experimental ones. The 21/2+
level is 76 keV lower than the experimental one. The 27/2+ level is separated
from four levels discussed above with energy gap both in the experiment and
calculation (898 keV and 758 keV, respectively). The calculate level is 216 keV
lower than that of the experiment. The calculated 31/2+ and 35/2+ levels are
77 keV lower and 86 keV higher, respectively. The calculated 39/2+1 , 39/2
+
2 and
43/2+ levels are 405 keV, 583 keV and 792 keV lower than the experimental
ones. The predicted by shell model 41/2+ and 45/2+ levels are also shown in
Fig. 9
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123Sn
EXPT Calc. EXPT Calc.
 11/2-  
 15/2-  1.107 
 13/2-  1.217 
 19/2-  2.099 
 19/2-  2.262 
 23/2-  2.541 
 27/2-  2.711 
 (31/2- )  3.755 
 (31/2- )  3.818 
 (35/2- )  4.743 
 (35/2- )  4.810 
 (39/2- )  5.478 
 5.520 
 11/2-  0.000 
 15/2-  0.996 
 13/2-  1.218 
 19/2-  2.010 
 19/2-  2.263
 23/2-  2.497 
 27/2-  2.613 
 31/2-  3.549 
 31/2-  4.089 
 35/2-  4.621 
 35/2-  4.821 
 39/2-  5.574 
 39/2-  5.782 
 15/2+  1.926 
 19/2+  1.945 
 23/2+  2.153 
 21/2+  2.395 
 (27/2+ )  3.293 
 (31/2+ )  4.117 
 (35/2+ )  4.378 
 (39/2+ )  5.644 
 (39/2+ )  6.231 
 (43/2+ )  7.159 
 19/2+  2.062 
 15/2+  2.073 
 23/2+  2.254 
 21/2+  2.319 
 27/2+  3.077 
 31/2+  4.040 
 35/2+  4.464 
 39/2+  5.239 
 39/2+  5.648 
 41/2+  6.208 
 43/2+  6.367 
 45/2+  7.553 
Fig. 9. Comparison of experimental [1,3] and calculated excitation spectra for 123Sn
using SN100PN interaction.
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All negative and positive parity levels of 123Sn are better described as com-
pared to 119,121Sn by the shell model calculation.
2.2.4 125Sn:
As is seen from figures 10 both calculated and experimental ground states are
11/2− as it was for 123Sn. All respective positive and negative parity excited
states energies are lower both in the experiment and calculation with respect
to ground state as compared to 119,121Sn isotopes.
Similarity of the experimental and calculated patterns is kept. However, be-
tween the experimental (31/2)− and (35/2)− levels the second predicted 31/2−2
appears. The calculated 39/2−1 level is only 57 keV higher than the experimen-
tal one. In the calculation, below this level, there are the 35/2−2 and 37/2
−
1
levels and above this level there are the 37/2−2 and 39/2
−
2 levels.
The calculated values of the 15/2−, 19/2−1 , 23/2
−, 27/2−, 31/2− are 94 keV,
135 keV, 60 keV, 108 keV, 126 keV levels lower than their experimental coun-
terparts. The 19/2−2 and 29/2
− levels are 158 keV, 109 keV higher than the
experimental one. From these differences it also is seen that agreement of
the calculated values of the energy levels of 125Sn are better than those of
119,121,123Sn.
Eight measured positive parity levels are shown in figure 10 for this nucleus.
The experimental and calculated patterns are similar up to 35/2+. Both ex-
perimental and calculated 15/2+ and 19/2+ levels are very close to each other
(differences are 14 keV and 36 keV, respectively). Like in 123Sn case the cal-
culated 19/2+ and 15/2+ levels interchanged as compared to experimental
ones. In the calculation spacing between the levels 23/2+ and 21/2+ is smaller
(88 keV) than that of the experiment (249 keV), since calculated 23/2+ level
is 74 keV higher and 21/2+ is 88 keV lower than experimental ones. The
next calculated 27/2+, 312/2+ and 35/2+ are in very good agreement with
the experimental data being only 29 keV, 5 keV lower and 8 keV higher, re-
spectively, than their experimental counterparts. Then two calculated 39/2+
levels are shown which are, 985 keV and 402 keV lower, receptively, than the
measured 39/2+ level at 6189 keV.
3 Configuration of the isomeric states
119−126Sn isotopes, which contain more than 68 neutrons, are good for studying
high spin states since they do contain ν(h11/2)
n with v = 4, 5, 6 and the high
spin states cannot be formed only by νs1/2 and νd3/2 orbitals themselves. In
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125Sn
EXPT Calc. EXPT Calc.
 11/2-  
 15/2-  1.088 
 19/2-  2.077 
 19/2-  2.136 
 23/2-  2.462 
 27/2-  2.624 
 (31/2- )  3.547 
 (29/2- )  3.697 
 (35/2- )  4.494 
 (39/2- )  5.272 
 11/2-  0.000 
 15/2-  0.994 
 19/2-  1.942 
 19/2-  2.294 
 23/2-  2.402 
 27/2-  2.516 
 29/2-  3.806 
 31/2-  3.421 
 31/2-  4.036 
 35/2-  4.420 
 35/2-  4.795 
 37/2-  4.972 
 39/2-  5.329 
 37/2-  5.492 
 39/2-  5.837 
 41/2-  6.837 
 41/2-  6.891 
 (15/2+)  1.879  19/2
+
 
 1.893 
 23/2+  2.060 
 21/2+  2.309 
 (27/2+)  3.164 
 (31/2+)  3.864 
 (35/2+)  4.228 
 (39/2+)  6.189 
 19/2+  1.972 
 15/2+  2.008 
 23/2+  2.134 
 21/2+  2.222 
 27/2+  3.135 
 31/2+  3.859 
 35/2+  4.236 
 39/2+  5.204 
 39/2+  5.787 
Fig. 10. Comparison of experimental [1,3] and calculated excitation spectra for
125Sn using SN100PN interaction.
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Ref. [1], the 119−126Sn isotopes have been produced as fragments of binary fis-
sion induced by heavy ions. New results were reported for these nuclei. Among
them, isomeric states have been established from the delayed coincidences be-
tween fission fragment detectors and the gamma array. Further experimental
data are taken from Refs. [2,3]. All the observed states treated in terms of
broken neutron pairs occupying the ν(h11/2) orbital. The configurations of
high-spin states are due to (νh11/2)
n or (νh11/2)
n(νd3/2)
1 ones.
Configurations of the isomeric states 10+, 5−, 7−, 15− and 19− of even isotopes
of Sn and 27/2−, 19/2+ and 23/2+ odd isotopes, emerging from the current
shell model calculation, are given separately in Table 1. The seniorities given
in this Table are proposed in [1]. The 10+ states of all even isotopes and 27/2−
states of all odd isotopes are formed by breaking pairs in pure ν(h11/2) orbital
with v = 2 and v = 3, respectively. The d3/2 and s1/2 orbitals also participate
in the formation of other isomeric states of the Sn isotopes.
In the case of 120,122,124,126Sn isotopes the different seniority states are coming
due to the following configurations:
• 10+ (h2
11/2), here one pair breaking of h11/2 orbital → 11/2 + 9/2 = 10
+,
the number of unpaired neutrons are 2, thus seniority is two (v = 2).
• 5− (h1
11/2s
1
1/2), here one unpaired neutron is in h11/2 orbital and one neutron
is in s1/2 orbital → 11/2 ± 1/2 = 5
−, the number of unpaired neutrons are
2, thus seniority is two (v = 2).
• 7− (h1
11/2d
1
3/2), here one unpaired neutron is in h11/2 orbital and one neutron
is in d3/2 orbital → 11/2 + 3/2 = 7
−, the number of unpaired neutrons are
2, thus seniority is two (v = 2).
• 15− (h3
11/2d
1
3/2), here three unpaired neutrons are in h11/2 orbital and one
neutron is in d3/2 orbital → 11/2 + 9/2 + 7/2 + 3/2 = 15
−, the number of
unpaired neutrons are 4, thus seniority is four (v = 4).
• 19− (h5
11/2d
1
3/2), here five unpaired neutrons are in h11/2 orbital and one neu-
tron is in d3/2 orbital → 11/2 + 9/2 + 7/2 + 5/2 + 3/2 + 3/2 = 19
−, the
number of unpaired neutrons are 6, thus seniority is six (v = 6).
In the case of 119,121,123,125Sn isotopes the different seniority states are
coming due to the following configurations:
• 27/2− (h3
11/2), here three unpaired neutrons are in h11/2 orbital → 11/2 +
9/2 + 7/2 = 27/2−, the number of unpaired neutrons are 3, thus seniority
is three (v = 3).
• 19/2+ (h2
11/2s
1
1/2), here two unpaired neutrons are in h11/2 orbital and one
neutron is in s1/2 orbital → 11/2 + 9/2 ± 1/2 = 19/2
+, the number of
unpaired neutrons are 3, thus seniority is three (v = 3).
• 23/2+ (h2
11/2d
1
3/2), here two unpaired neutrons are in h11/2 orbital and one
neutron is in d3/2 orbital → 11/2 + 9/2 + 3/2 = 23/2
+, the number of
unpaired neutrons are 3, thus seniority is three (v = 3).
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• 35/2+ (h4
11/2d
1
3/2), here four unpaired neutrons are in h11/2 orbital and one
neutron is in d3/2 orbital → 11/2 + 9/2 + 7/2 + 5/2+ 3/2 = 35/2
+, the
number of unpaired neutrons are 5, thus seniority is five (v = 5).
• In the case of 119,121,123,125Sn, the seniority of 39/2+ state is seven (v = 7).
Here we have six unpaired neutrons are in h11/2 orbital and one neutron is
in d3/2 orbital → 11/2 + 9/2 + 7/2 + 5/2+ 3/2 +1/2 + 3/2 = 39/2
+, the
number of unpaired neutrons are 7, thus seniority is seven (v = 7).
4 Transition probabilities
In the Table [2], we have shown B(E2) transition probabilities of the isomeric
states for 119−126Sn isotopes. These calculated values of E2 transition prob-
abilities are important for future experiments. Comparison of the calculated
B(E2) transition probabilities with these experimental data are given in Ta-
ble 2. After calculating B(E2 : 2+ → 0+) for heavier Sn isotopes, we have
found that the calculated results showing good agreement with experimen-
tal data with en = 0.8e. Thus for comparison apart from standard effective
charge for neutron en = 0.5e, we have also calculated B(E2)
′s values with
second set of effective charge en = 0.8e, although for high-spin states B(E2)
values are very large with this effective charge. The difference between cal-
culated and experimental B(E2)’s value is might be due to a deficiency in
the wave functions rather than in the effective operator. In the case of 119Sn,
the B(E2) : 27/2− → 23/2−, the experimental value of is 73(7) e2fm4, while
calculated value is 21.09/57.52 e2fm4 with en = 0.5e/0.8e.
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Table 1
Configurations of isomeric states in 119,120,121,122,123,124,125,126Sn isotopes. Also the probability of largest component of the configuration
are given in the bracket.
Spin Seniority 120Sn 122Sn 124Sn 126Sn
10+ v = 2 (h2
11/2) g
6
7/2d
6
5/2d
2
3/2h
6
11/2 [10.13%] g
8
7/2d
6
5/2d
2
3/2h
6
11/2 [15.07%] g
8
7/2d
6
5/2d
2
3/2s
2
1/2h
6
11/2 [18.64%] g
8
7/2d
6
5/2d
2
3/2s
2
1/2h
8
11/2 [37.24%]
5− v = 2 (h1
11/2s
1
1/2) g
8
7/2d
6
5/2s
1
1/2h
5
11/2 [11.79%] g
8
7/2d
6
5/2d
2
3/2s
1
1/2h
5
11/2 [12.26%] g
8
7/2d
6
5/2d
2
3/2s
1
1/2h
7
11/2 [23.07%] g
8
7/2d
6
5/2d
2
3/2s
1
1/2h
9
11/2 [27.67%]
7− v = 2 (h1
11/2d
1
3/2) g
8
7/2d
6
5/2d
1
3/2h
5
11/2 [17.00%] g
8
7/2d
6
5/2d
1
3/2h
7
11/2 [16.24%] g
8
7/2d
6
5/2d
1
3/2s
2
1/2h
7
11/2 [22.14%] g
8
7/2d
6
5/2d
3
3/2s
2
1/2h
7
11/2 [24.63%]
15− v = 4 (h3
11/2d
1
3/2) g
8
7/2d
6
5/2d
1
3/2h
5
11/2 [27.60%] g
8
7/2d
6
5/2d
1
3/2h
7
11/2 [23.21%] g
8
7/2d
6
5/2d
1
3/2s
2
1/2h
7
11/2 [28.76%] g
8
7/2d
6
5/2d
3
3/2s
2
1/2h
7
11/2[30.86%]
Spin Seniority 119Sn 121Sn 123Sn 125Sn
27/2− v = 3 (h3
11/2) g
8
7/2d
6
5/2h
5
11/2 [13.80%] g
8
7/2d
6
5/2d
2
3/2h
5
11/2 [14.26%] g
8
7/2d
6
5/2d
2
3/2h
7
11/2 [19.86%] g
8
7/2d
6
5/2d
2
3/2s
2
1/2h
7
11/2 [34.55%]
19/2+ v = 3 (h2
11/2s
1
1/2) g
8
7/2d
6
5/2s
1
1/2h
4
11/2 [11.77%] g
8
7/2d
6
5/2s
1
1/2h
6
11/2 [13.81%] g
8
7/2d
6
5/2d
2
3/2s
1
1/2h
6
11/2 [17.74%] g
8
7/2d
6
5/2d
2
3/2s
1
1/2h
8
11/2 [31.15%]
23/2+ v = 3 (h2
11/2d
1
3/2) g
8
7/2d
6
5/2d
1
3/2h
4
11/2 [18.49%] g
8
7/2d
6
5/2d
1
3/2h
6
11/2 [21.77%] g
8
7/2d
6
5/2d
1
3/2s
2
1/2h
6
11/2 [20.19%] g
8
7/2d
6
5/2d
1
3/2s
2
1/2h
8
11/2 [25.57%]
35/2+ v = 5 (h4
11/2d
1
3/2) g
8
7/2d
6
5/2d
3
3/2s
2
1/2h
4
11/2 [2.50%]
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5 Summary and Conclusion
In the present work we have performed full-fledged shell model calculations
for 119−125Sn isotopes using SN100PN effective interaction for recently popu-
lated high-spin states. The energy spectra of high-spin states of the 119−125Sn
isotopes are in reasonable agreement with the experimental data, however the
results of B(E2) values are not in agreement with the available experimental
data. The breaking of three neutron pairs have been responsible for generating
high-spin states. The high-spin isomers in Sn isotopes are due to v = 2, 3, 4,
and 5. We have also reported B(E2)’s for 120−126Sn isotopes.
We have drawn following broad conclusions:
• For the 120,122,124,126Sn isotopes, the seniority of isomeric states 10+, 5− and
7− are two (v = 2).
• For the 120,122,124,126Sn isotopes, the seniority of isomeric state 15− is four
(v = 4); the seniority of 19− state is six (v = 6).
• For the 119,121,123,125Sn isotopes, the seniority of isomeric states 19/2+, 23/2+,
and 27/2− are three (v = 3).
• In the case of 123Sn, the seniority of isomeric state 35/2+ is five (v = 5).
• In the case of 119,121,123,125Sn, the seniority of 39/2+ state is seven (v = 7).
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Table 2
Calculated B(E2) values for different transitions in e2fm4 using en = 0.5e ; en = 0.8e separated by “/”. Experimental data have been
taken from Ref. [2].
120Sn 122Sn 124Sn 126Sn
B(E2; i→ f) EXPT. SM EXPT. SM EXPT. SM EXPT. SM
10+ → 8+ NA 0.69/1.50 NA 0.15/0.47 NA 3.46/8.75 NA 10.23/26.38
15− → 13− 21(2) 81.11/211.89 4.7(4) 76.83/192.00 3.2(4) 34.97/88.17 22(2) 14.22/36.38
7− → 5− NA 28.23/74.92 NA 16.42/39.66 NA 4.94/11.59 NA 0.0013/0.003
5− → 3− NA 39.73/102.74 NA 45.86/118.79 NA 44.67/113.31 NA 21.18/53.74
119Sn 121Sn 123Sn 125Sn
B(E2; i→ f) EXPT. SM EXPT. SM EXPT. SM EXPT. SM
27/2− → 23/2− 73(7) 21.09/57.52 NA 0.61/1.62 NA 12.86/32.81 NA 23.36/60.42
23/2+ → 19/2+ 6.7(8) 59.12/149.82 1.8(2) 52.17/133.33 0.22(3) 25.31/43.15 5.4(7) 6.95/21.99
19/2+ → 15/2+ NA 0.09/0.91 NA 5.12/19.81 6.7(25) 9.17/24.17 22(4) 10.03/24.60
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